in the ventromedial hypothalamic nucleus or lateral hypothalamic nucleus. Thus, the skull was fixed in the stereotaxic head holder (with an ear bar and upper incisor bar) in such a way that the bregma was 1 mm higher than the lambda.
The coordinates used were 2.0 mm posterior to the bregma, 0.8 mm lateral to the midline (sagittal suture), and 9.0 mm below the surface of the skull for the VMH; and 2.0 mm posterior to the bregma, 1.8 mm lateral to the midline, and 8.5 mm below the surface of the skull for the LH. The electrodes were inserted through a small hole drilled in the skull and then separated and connected to a small plug. The plug was then anchored firmly and permanently to the skull by screws and dental cement. In sham-operated animals the dura was opened but the electrodes were not inserted. Two weeks after the operation, the hypothalamus was subjected to electrical stimulation. Electrical stimuli were supplied by an electronic stimulator through an isolation unit. The stimulation parameters were 100 Hz, 6 V, and 0. was kept for several minutes in an ice bath, and then 0.2 ml of cold 5 % HC104 was added to destroy excess KBH4. The sediment formed was removed by centrifugation and washed with 0.3 ml of 1 % HC104. The resulting supernatants were combined, neutralized with several drops of 1 M Tris solution, and adjusted to a final volume of 1 ml with water. Phosphoenolpyruvate in this solution (0.5 ml aliquot) was determined spectrophotometrically at 340 mprn by following the oxidation of NADH (0.125 pmol) in the presence of ADP (1 pmol In a preliminary experiment, rat muscle PK was neutralized using antiserum against muscle PK. Skeletal muscle extract was prepared from rats by a procedure similar to that for liver extract. It was incubated for 8 min at 37°C with various dilutions of antiserum and then assayed for PK activity.
The experiment showed that threefold diluted antiserum inhibited the type M PK in the extract almost completely (approximately 87 %). Therefore, this dilution of antiserum was used for neutralization of iype M enzyme in the liver extract. Since inhibition was not complete, a correction was made from the inhibition rate for the amount of type M enzyme.
Tz'me course of changes in PEPCK and PK activities in rehtion to period of hy~othahm~c stimulation. To observe the maximal responses of the enzymes to hypothalamic stimulation, changes in the activities of the two enzymes were followed with time after various periods of electrical stimulation of up to 8 h. The results in Fig. 2 indicate that the responses of PK and PEPCK were nearly maximal after stimulation for 4 h. Thus, PK activity decreased to 41, 39, and 24 % below the control level at 4 h (P < O.Ol), 6 h (P < O-01), and 8 h (P < 0.02), respectively, upon VMH stimulation.
As already shown in Table 1 , the small fluctuation of PK activity upon LH stimulation at each time was not significant. The increase in PEPCK activity upon VMH stimulation leveled off after stimulation for 4 h, and from this time approximately a 35 % increase over the control was invariably observed (P < 0.02 at 4 h; P < 0.05 at 6 and 8 h). Similarly, decreases of about 30 % in PEPCK activity upon LH stimulation were observed on stimulation for 4 h or more (P < 0.02). Neither enzyme changed significantly in activity during the first 2 h of the stimulation period. The site of the electrode tip was checked histologically after the experiment (Fig. 1, A and decreased from a value of 2.8 in controls to 1.5 after VMH stimulation, but did not change after LH stimulation. The changes observed after VMH stimulation are, therefore, very similar to the changes in hepatic PK isozymes induced by feeding a high-protein diet or by diabetes (37).
DISCUSSION
In this study hypothalamic effects on gluconeogenesis and glycolysis in the liver were investigated by measuring the activities of the enzymes involved in the rate-limiting step in each process, after stimulation of the VMH and LH. The results indicated that VMH stimulation caused enhancement of gluconeogenesis and inhibition of glycolysis, while LH stimulation resulted in suppression of gluconeogenesis without affecting glycolysis. The stimulatory effect of the VMH on liver gluconeogenesis is thus complementary to its glycogenolytic effect on the liver for producing hyperglycemia.
The involvement of the VMH and the medial hypothalamic region in neural stimulation of hepatic glycogenolysis and plasma glucose output (11, 12, 29, 30) has been demonstrated by Shimazu et al. (31) and by Frohman and Bernardis (16), based on the fact that stimulation of the ventromedial region of the hypothalamus in rabbits and rats is followed by a rapid rise in the circulating glucose level and on prolonged stimulation by marked decrease in the liver glycogen content . In contrast, the absence of similar rises or rather slight decreases in blood glucose levels can be observed following stimulation of the LH (16, 3 1). Other workers have reported rises in plasma glucose after electrical (8, 34) and chemical stimulation (25) of the lateral hypothalamic region of rats. However, these studies have mainly been directed toward the response of blood glucose to hypothalamic stimulation in relation to eliciting feeding and, accordingly, in most studies the blood glucose response to VMH stimulation has not been investigated. The cause of the discrepant effects observed on lateral stimulation of the hypothalamus might be as follows. The stimulating electrodes aiming to elicite feeding must have been located in the lateral hypothalamic region just lateral to the fornix Medial hypothalamic lesions are known to result in hyperphagia, a voracious appetite, or obesity, whereas lateral hypothalamic lesions are usually followed by aphagia .and loss of body weight (I, 9) . Electrical stimulations of the medial hypothalamus and the lateral hypothalamus, on the other hand, have the opposite effects to those observed after destruction of these regions (10). From these observations, it is now well accepted that there are two opposing mechanisms in the hypothalamus that regulate food intake, namely a mechanism in the lateral region of the hypothalamus which initiates feeding and is therefore designated as the "feeding center," and one in the medial part of the hypothalamus which brings about satiation of appetite and is thus termed the '<satiety center" amines on liver phosphorylase.
